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(57) A showerhead for introducing gas from one or 
more external supplies Into a substrate processing 
chamtjer, the showerhead including a faceplate includ- 
ing a plurality of gas injection ports through which gas is 
injected into the chamber, wherein the plurality of gas 
injection ports includes a first subset of gas injection 
ports and a second subset of gas injection ports: a first 



gas distnbutiqn system which during use delivers a first 
gas to the first subset of injection ports for injection into 
the chamber; and a second gas distribution system 
which during use delivers a second gas to the second 
sut>set of injection ports for injection Into the chamber. 
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Description 

Background of the Invention 

The invention relates generally to gas distribution in 5 
processing chambers, such as PCTP chambers. 

Typically, rapid thermal processing systems utilize a 
high intensity light source to rapidly heat a substrate 
that is held within a processing chamber, sometimes 
under vacuum conditions. The light source, which may io 
consist of an array of high intensity lamps, is located 
outside of the chamber and adjacent to a window 
through which the light passes into the chamber. Inside 
of the chamber and on the other side of the window, the 
substrate is supported in such a manner that it can be is 
heated by the incoming tight. In some systems, tiie sub- 
strate is supported on a susceptor and it is the suscep- 
tor that is directly heated by the light. In other systems, 
the substrate is supported by a support ring which 
leaves both the front and back of tiie wafer substantially 20 
exposed to the atmosphere in the chamber and it is the 
frontside of the substrate which is directiy heated by the 
light The wavelengtii of the light is selected so tiiat it is 
substantially absorbed by the substrate or tiie system 
component that is being heated and the material of 25 
which the window is made is selected so that it is sub- 
stantially transparent to the light Often, quartz is used 
for the window. 

Two systems which utilize support rings are 
described in greater detail in U.S. Patent 5.155,336 and 30 
' in U.S.-Patent Application Serial No. 08/359,302. filed 
12/19/94, both of which are incorporated herein by ref- 
erence. _ . 

For many processes that are performed within the 
chamber (e.g. deposition, etdi. epitaxial processes, 35 
ctop'^Q. growing oxides, nitridation. etc.), ft is necessary 
to deliver a process gas into the chamber. Moreover, the 
process gas must be delivered so as to produce sut>- 
stahtialty uniform results ova- the surface of the wafer. 
One approach that has been used is to inject the gas to 4C 
the side of the substrate and let it flow over the surface 
of the substrate (see U.S. 5,155,336 referenced above). 
Another approach has been to use a showerhead that is 
positioned adjacent to the sul^strate and on the side of 
the substrate that is opposite the side that is being 45 
heated by tiie high intensity light (see U.S.S.N. 
08/359.302 also referenced above). Though these and 
other various approaches to gas injection do exist, there 
is always a need to improve upon them. 

so 

Summary of the Invention 

In general, in one aspect the invention is a shower- 
head for introducing gas from one or more external sup- 
plies irrto a suksstrate processing chamber. The ss 
showerhead includes a faceplate including a plurality of 
gas injection ports through which gas is injected irrto the 
chamber, wherein ttie plurality of gas injection ports 



fficludes a first sutsset of gas injection ports and a sec- 
ond subset of gas injection ports. The invention also 
includes a first gas distribution system which during use 
delivers a first gas to the first subset of injection ports for 
injection irrto the chamber; and a second gas distribu- 
tion system which during use delivers a second gas to 
tire second subset of injection ports for injection into the 
chamber. 

Preferred embodiments include tiie following fea- 
tures. The showerhead also includes a plenum chamber 
formed behind the faceplate and which receives gas 
from the one or more external supplies. The plenum 
chamber Is divided irrto a plurality of internal chambers 
isolated from each other and including a first irrternal 
chamber and a second internal chamber; and a first and 
a second gas inlet The first inlet is coupled to tiie first 
chamber and the secorxJ inlet is coupled to the second 
chamber. The showerhead. which is used with a lamp 
head to heat the substrate to a process temperature, 
also includes a top window on a side of the showerhead 
that is adjacent to tiie lamp head; arrd a bottom window 
on a side of the showerhead that is adjacent to the sub- 
strate during processing. The top and bottom windows 
define a cavity therebetween and are transparent to the 
radiation from the source in the lamp head and the bot- 
tom window functions as the faceplate. 

Also in preferred embodiments, tiie plurality of 
injection ports are a plurality of holes through the t)Ot- 
tom window. In addition, the showerhead further 
includes a top plate with a plurality of holes; a tottom 
plate with a plurality of holes equal in number to tiie plu- 
rality of holes in the top plate; and a plurality of tubes 
equal in number to the plurality of holes in the top plate. 
Each of tiie plurality of tubes connects a differerrt one of 
the holes in tiie top plate to a corresponding one of tiie 
holes in tiie bottom plate; and the top window is adja- 
cent to the top plate arrd the bottom window is adjacent 
to the l50ttom plate. At least one of the top and tjottom 
plates has a first array of channels formed therein for 
distributing gas to the first sufc)set of injection ports, and 
at least one of the top and t)ottom plates has a second 
array of channels formed therein for distributing gas to 
the second set of injection ports. 

In general, in another aspect the invention is a ther- 
mal processing system including a chamber defining a 
processing cavity; a lamp head; a showerhead posi- 
tioned between the lamp head and the processing cav- 
ity in the chamber; and a substrate support mechanism 
within tiie chamber and spaced apart from the adapter 
plate. The showerhead is constructed as described 
above. 

In general, in yet another aspect, the invention is a 
showerhead for introducing gas from one or more exter- 
nal supplies into a substrate processing chamber. The 
showerhead includes a faceplate including a plurality of 
gas injection ports through which gas is injected irrto the 
chamber, wherein the plurality of gas injection ports 
includes a plurality of subsets of gas injection ports; and 
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it includes a plurality of gas distribution systens equal in 
nunnber to the plurality of subsets of gas distribution 
ports. Each of the gas distribution syst^s is connected 
to a different subset of gas injection ports ard during 
use. it delivers a corresponding gas to the sut>set to 
which ft is connected for injection into the chamber. 

As wafer diameters increase to 300 mm and above, 
conventional showerhead gas distributors may prove to 
be insuff icierrt for producing uniformly deposited films. A 
multi-zone showerhead design will provide flow control 
zones which may be t^ed to adjust gas flow to offset 
gas depletion and/or boundary layer effects whtdi will 
tend to be a greater problem in the larger systems. In 
addition, this method of flow control is re^ily scalable 
to even larger wafer diameters. 

The invention provides individual control of multiple 
zones of gas distribution holes in a gas showerhead. 
This enables one to alter the flow of process gas where 
local film non-uniformities occur arxJ to thereby reduce 
the non-uniformrties. 

In some systems, there is a tendency for the sizes 
of the gas distibution holes to become larger as the 
system the longer the system has been in use. This is 
because the center of the showerhead often tends to be 
hotter than the perimeter of the showerhead. Thus, 
when a quartz showerhead is cleaned or etched to 
remove materials that have deposited on it during previ- 
ous process runs, the inner holes in the hotter portion of 
the head are likely to etch more than the holes in the 
cooler portion of the head, thereby producing larger 
holes near the center. This affects the distribution of gas 
flowing over the surfiace of the substrate during process- 
ing and thus detrimentally impacts the unifornnity of the 
film that is being deposited or the etch that is being per- 
formed. Eventually, the showerhead will have to be dis- 
carded and replaced with a new showerhead. However, 
with a dual zone showerhead (or a multi-zone shower- 
head) it will be possible to reduce the pressure of the 
gas supplied to the center holes as compared to the 
outer holes and thereby compensate for their larger 
size. Thus, the life of the showerhead can be extended. 

Other advantages and features will become appar- 
ent from the following description of the preferred 
emtxxfiment and from the claims. 

Brief Description of the Drawings 

Rg. 1 is a schematic representation of an RTP 
chamber; 

Rg. 2 is a schematic representation of an RTP 
chamber showing the components of a magnetic 
drive for rotating the support ring and the substrate: 
Rg. 3 is a side, cross sectional view of the adapter 
plate; 

Rg. 4 is a top view of the adapter plate: 
Rg. 5 is bottom view of a multi-zone showerhead; 
Rg. 6 Is an example of an dual-zone adapter plate; 
Rgs. 7a and 7b show two examples of other multi- 



zone showerhead designs: and 
Rg. 8 shows a side, cross-sectional view of a circu- 
lar showerhead that employs the nrtulti-zone gas 
flow design. 

5 

Description of the Preferred Embodiments 

Referring to Rg. 1, a repres&rtative RTP chamber 
10 includes a chamber body 12 which defines an inter- 

10 nal processing cavity 14 in which a substrate 16 is held 
during processing. The substrate is typically a semicon- 
ductor wafer (e.g. silicon) although it could be made of 
other materials and could have shapes other than wafer 
form. For example, the sutsstrate could be a glass plate 

15 such as is used to fabricate display screens. 

At the top of the chamber there is a heat source 
which is used to irradiate substrate 1 6 with a high inten- 
sity radiation (e.g. light) and tiiereby rapidly heat sub- 
strate 16 to the desired processing temperature. The 

20 heat source includes a lamp head 40 and an adapter 
plate 42 which functions as an internee between lamp 
head 40 and chamber txxiy 12. Lamp head 40 contains 
an array of tungsten-halogen lamps 44, each of which is 
housed in a gold plated tube 46. To cool lamp head 40 

25 during use, water is circulated through the head in the 
spaces between tubes 46. The details of the design and 
construction of such lamp heads can be found else- 
where and tinus will not be presented here. Refer, for 
example, to U.S.^Patertt 5.155.336 to Chris Gronet et 

30 al., entitied **Rapid Thermal Heating Apparatus and 
Method-, incorporated herein by reference. 

Adapter plate 42 performs multiple functions. It pro- 
vides a window through which the high intensity radia- 
tion light from lamp head 40 can pass into the chamber. 

35 It functions as a vacuum barrier between lanrtp head 40, 
which is at atnnospheric pressure, and the inside of 
chamber 12, which is typically broight to low pressure 
or vacuum conditions at some point during the process. 
It also provides structural support for the window mate- 

40 rial thus enabling one to use relatively thin material with- 
out risk of rt breaking under the forces caused having 
atmo^heric pressure on one side of the window and a 
low pressure or vacuum on the other side. This is espe- 
cially important for the larger systems that are now 

45 bang considered for processing substrates that are 300 
mm and larger. Rnally. it also functions as a shower- 
head tiirough which ^ses, e.g. process and/or reactive 
gases, are injected into the chamber during processing. 
Inside cavity 14 there is a support ring 18 which 

so holds substi-ate 16. Support ring 20 is annular shaped 
and includes an inwardly extending lip 24 which holds 
suljstrate 16 at its outer perimeter thereby leaving most 
of the substrate's backside exposed. The trar^tion from 
the lip 24 to the outer portion of support ring 18 defines 

55 a shoulder which holds tiie .sut)strate in place as sup- 
port ring 24 and tube 20 are rotated during processing. 

Beneatii substrate 16 there is a reflector plate 28 
wtiich is mounted on a water-cooled, stainless steel 
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base 31 . Reflector plate 28 is made of aluminum and is 
coated with a highly reflective material. e.g. gold. Sup>* 
port ring 18 holds substrate about 0.5 inch above a bot- 
tom reflecting plate 28 to form a reflecting cavity 35 
between the underside of substrate 16 and the top of 5 
reflector plate 28. Passing up through tiie bottom of the 
chamber are one or more light pipes 30 which are used 
to sample the radiation within reflecting cavity 35. The 
sampled radiation from each light pipe is passed 
through a corresponding optical fiber 32 to one or more 10 
pyrometers 34 which convert the intensity of the sam- 
pled radiation to a sulDStrate temperature reading. 
Reflecting cavity 35 serves to enhance the effective 
emissivity of the substrate and thereby produce more 
accurate temperature measurements which are less 75 
sensitive to variations in emissivity from one wafer to the 
next Control circuitry (not shown), which receives the 
temperature readings from pyrometers 34, regulates 
the power to lamp head 40 to achieve the desired sub- 
strate temperature during the processing cycle. 20 

Support ring 18 rests on top of a rotatat^le tubular 
quartz cylinder 20 which is rotated by a magnetically 
coupled drive mechanism 22 (see Rg. 2) coupled to the 
bottom of cylinder 20. Cylirxier 20 is coated with silicon 
to render it opaque in the frequency range of the pyrom- 25 
eters. The silicon coating on the qi^irtz cylinder acts as 
a baffle to block out radiation from external sources that 
might contaminate the intensity measurements. 

The magnetic drive mechanism, an example of 
which is illustrated in Rg. 2, includes an annular upper 30 
bearing race 23 which rests on a plurality of ball bear- 
ings 25 that are. in turn, held within an stationary, annu- 
lar, lower bearing race 27. The ball bearings 25 are 
made of steel and coated with silicon nitride (or altema- 
tively, sold silicon nitride) to reduce particulate formation 35 
during operation. The bottom of the quartz cylinder is 
held by upper bearing race 23 which is magnetically- 
coupled to an actuator 29 which rotates cylinder 20. 
support ring 18 and substrate 16. ag. at about 90 RPM 
or faster, during thermal processing. Further details on 4C 
the system shown in Rg. 2. can be found in US. Patent 
Application serial number 08/359,302, filed 12/19/94, 
entitled "A Method and Apparatus for Measuring Sul>- 
strate Terpperatures". incorporated herein by reference. 

Referring to Rgs. 1 and 3. adapter plate 42 is made 45 
up of a plurality of hollow tubes 48 sandwiched between 
two quartz windows, namely, a top window 50 and a bot- 
tom window 52. Tubes 48 of adapter plate 42 align with 
tubes 46 in lamp head 40 when the two units are 
mounted on top of chamber 12. Tubes 48 are held at the so 
top and kx3ttom ends by a top plate 54 and a bottom 
plate 56. respectively, txrth of which are made of metal, 
e.g. stainless steel. Top and bottom plates 54 and 56 
have an identical array of holes in them. Each of the 
holes is slightly larger than the outside diameter of the 55 
tube. The ends of each tube rest in corresponding holes 
of tfie top and bKrttom plates and are welded in place. 

Both top window 50 and kjottom wirxJow 52, which 



rest against top and bottom plates 54 and 56. respec- 
tively, are made of a material that is transparent to the 
wavelength of the radiation that is emitted by the lamps 
{e.g. quartz). Around the perimeter of top plate 54, there 
is a groove with an O'ring 58 that forms a vacuum seal 
between top window 50 and top plate 54. Similariy. 
around the perimeter of bottom plate 56. there is 
another groove with another OYing 52 that forms a vac- 
uum seal between bottom window 52 and kx)ttom plate 
56. Top window 50 provides a vacuum barrier between 
the lamp head which is at atmospheric pressure and the 
inside of the adapter plate, which is typically at reduced 
during processing (e.g. a pressure that is higher than 
the chamber pressure but lower than atmospheric). In 
contrast, bottom plate 52 includes an array of holes 60 
which are clustered in locations adjacent to tubes 48. 
Thus, gas which is injected into adapter plate 42 passes 
out through these holes into the chamber. 

Rg. 4 shows a top view of adapter plate 42 as seen 
from the perspective of lamp head 40. Across the top of 
top plate 54 there is a crisscrossing, hexagonal array of 
milled channels 80. In this described embodtmertt. the 
crisscrossing array of channels is formed by milling 
three separate grids of channels across the plate, each 
grid made up of parallel milled channels equally spaced 
across the surface of plate 54. Each grid of milled chan- 
n^s is rotated with respect to the other grid by 120**. In 
Rg. 4. the three separate grids of milled channels are 
identified by numerals 80(1). 80(2) and 80(3). 

In top plate 54, the holes which receive tubes 48 
are centered on the points of intersection of the milled 
channels of the three different grids. Thus, for each tube 
48 there are six milled passageways radiating radially 
out from the tube and connecting it to the six nearest 
neighbor tubes. 

/Vround the perimeter of top plate 54 there is also a 
gas supply groove 82 into which all of the milled chan- 
nels terminate at either end. Gas is supplied to gas sup- 
ply groove 82 through a gas coupling 84 which is 
connected to groove 82 through a passageway 86. The 
gas that is supplied to gas supply groove 82 flows 
through the milled channels on top of to plate 54 and 
into tubes 48. The gas within tubes 48 then flows out of 
the adapter plate through the holes in bottom wirtdow 
52. 

Generally, it may be desirable to have the distribu- 
tion of holes in bottom window 52 extend out past the 
edge of the substrate so as to better approximate a uni- 
form gas distribution. What remains of the process gas. 
after it passes over the substrate, is then collected by 
the vacuum system through exhaust ports 71 located 
near the periphery of the chamber. It may also be desir- 
able to locate the exhaust ports to the side of and below 
the substrate, as shown, so as to facilitate achieving a 
more uniform gas distribution over the surface of the 
substrate. In addition, it is also desirable to utilize an 
axis-symmetric exhaust system design, i.e.. exhaust 
ports distributed around the perimeter of the substrate 
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and to thereby avoid or minimize any angular depend- 
endes in the gas flow. 

In the described emtxxliment. substrate 16 is about 
1 irrch below the bottom quartz window of adapter plate 
42. When irradiated with high intensity Bght. substrate 5 
1 6 will radiate energy back at the adapter plate 42. The 
radiated energy win typically have a longer wavelength 
than the wavelength of the impinging light Thus, the 
radiated energy wiO be absorbed to a greater extent by 
the quartz and it will heat up adapter plate 42. To io 
remove this heat, adapter plate 42 is provided with a liq- 
uid coolant system. On one side of adapter plate 42 
there is a coolant inlet connector 90 and on the other 
side there is a coolant outlet connector 92. Coolant (e.g. 
water) is flowed in through connector 90 into a receiving is 
chamber 94 which is coupled to the space 98 between 
the tubes through three passageways 95. The water. 
v&i\dh circulates between the top and txMom plates 54 
and 56 and around the outside of tubes 48, cools both 
tubes 48 and the top and bottom plates 54 and 56. After so 
the water has passed through adapter plate 42 it exits 
through three passageways 97 on the opposite side, 
into a chamber 96, and then out through outlet connec- 
tor 92. 

It may be desirable to include baffles 99 within 25 
adapter plate 42 to control the path of the coolarn 
through the inside of adapter plate The baffles may be 
complete or partial barriers blocking the passageway 
between selected neighboring tubes 48. Six such baf- 
fles 99 are shown in Rg. 4 for illustrative purposes. The 30 
location of such baffles would of course be selected to 
produce the most effective cooling of the adapter plate. 

During operation, process gas is introduced into 
adapter plate 42 through gas coupling 34. It flows into 
supply groove 82 around the perimeter of top plate 54 35 
and into the distn'bution channels crisscrossing top 
plate 54. From the disbibution channels, it flows into the 
tubes of the array and then to the distribution holes in 
bottom window 52. The gas flows out of the distribution 
holes into the chamber atxsve the sut)strate that is held 40 
in the support ring. 

The described method of distributing gas to the 
holes in the bottom window of the adapter plate is, of 
course, an implementation detail. The described 
embodiment is meant to merely be illustrative of one of 45 
many possible alternative approaches which could be 
used. For example, if milled channels are used to dis- 
tribute the gas, the channels coukl be milled into the 
bottom surface of bottom plate 56 (i.e.. the surface 
which is contact with bottom window 52). In that case, it so 
would not be necessary to cluster the gas distn'bution 
holes in bottom window 52 within areas the are circum- 
scribed by tubes 48. Aftematively. other plumbing 
arrangements could be used to deliver the gas to the 
backside of the bottom window. Though with any ss 
approach it is desirable to minimize obstructions to the 
light passing through the adapter plate into the chanv 
ber. Also, in general, it is probably desirable to design 



the adapter plate so that the conductance of the pas- 
sages delivering gas to the facqDiate much higher that 
the total conductance of holes through the faceplate. In 
that case, the number, size, and distribution of holes will 
have less impact on the flow rates through the holes 
near the center region of the bottom window. 

Also, it may be desirable to vary the sizes of the 
holes and their distribution in ways that are known to 
persons skilled in the art so as to adjust and/or tailor the 
ftow of process gas over the surface of the substrate. It 
may also be desirable to Inject the gas at several places 
around the perimeter of the adapter plate. For example, 
in Rg. 4. two injection points are illustrated on opposite 
sides of the adapter plate from each other This will 
assure a greater uniformity of the conductance of the 
gas that is supplied to the distribution holes in t>ottom 
window 52. In addition, one could also modify the size of 
the channels as a function of location or distance from 
the center of the plate to ensure fresh gas is introduced 
over the errdre wafer surface and to counter possible 
gas depletion effects. 

In the above-described embodiment, gas from a 
single source is supplied to all of the holes in the bottom 
window or distnlxition plate. In other words, all of the 
tubes 48 and thus all of the gas distributton holes in bot- 
tom window 52 are interconnected by the same criss- 
crossing array of milled channels. Alternatively, the 
adapter plate can be designed and constructed so as to 
define two or more sets of independently fed gas distri- 
bution hole arrays in liottom window 52. For example, in 
a dual zone gas showerhead 100 such as is illustrated 
in Rg. 5. there are two hole arrays, namely, an inner 
hole array 102 and an outer hole array 104. One source 
of gas (not shown) feeds gas to the inner hole array 102 
through a first inlet port 103 and a second independent 
source of gas source (not shown) feeds gas to the outer 
hde array 1 04 through a second inlet port 1 05. With this 
configuration, it is possible to independently control the 
flow rates through the two gas distribution hole arrays 
and thereby have greater control over the corrtour of the 
gas flow distribution over the surface of the sutjstrata In 
addition, by supplying the inner array of gas distribution 
holes sqDarateiy from the outer array of gas distribution 
holes, as illustrated, it becomes possible to modify (e.g. 
increase) the oorKluctance of the gas delivered to the 
holes near the cerrter of the showerhead without affect- 
ing the conductance of the gas delivered to the holes in 
the outer array. Conversely, the flow of gas through the 
holes of the inner array will not be irrfluenced by the 
number, size, and distritxition of holes in the outer array. 

A multi-zone showerhead configuration can be 
implemented in the adapter plate by simply milling the 
gas distribution channels appropriately For exanrple. 
referring to Rg. 6. a dual zone adapter plate ^ower- 
head is shown. Note that the water cooling couplings 
are not shown so as to simplify the drawing. It should be 
understood, however, that water cooling is also provided 
in this adapter plate as in the case of the adapter plate 
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shown in Rg. 4. 

The tubes 48 in the adapter plate of Rg. 6 are 
divided into two groups, namely, an inner group 202 and 
an outer group 204. For clarity, the tubes of the inner 
group have been labeled with "A" and the tubes of the 
outer group are either unlabeled or are labeled with "B". 
The label "B" is used to iderrtify those tubes of the outer 
group that have at least one inner tube as a nearest 
neighbor. Recall that in the described embodiment the 
tubes supply gas to the gas distribution holes that are in 
bottom window 52. 

To isolate the gas supply of the inner tubes from the 
gas supply of the outer tubes, no milled channels are 
permitted to pass from a tube opening labeled *B" to a 
tube opening labeled ''A". To get the gas in to the inner 
tubes, one milled channel 210 extends from a supply 
hole 212 at the perimeter of the top plate to a tube hole 
within the inner array of tube holes. In the described 
embodiment, all of the tube holes through which this 
milled channel 210 passes also receive gas from this 
second source. Including gas distribution holes in the 
bottom window and aligned with the six tubes that lie 
along a radius extending from the outer perimeter of the 
top plate to the inner array of tubes is op>tional. 

Of course, alternative approaches can be used to 
isolate the supplies to the two arrays of holes. For exam- 
ple, sets of channels can be milled in both the top and 
tx)ttom plates, where one set of channels supplies the 
inner array and the other set of channels supplies the 
outer anray. 

Though we have use a dual-zone showerhead to 
illustrate this aspect of the invention, it should be under- 
stood that more than two zones can be constructed and 
that the zones can be configured in any shape that pro- 
duces beneficial or useful results. For example, the 
showerhead can be divided into pie-shaped segments, 
with each segment supplied from a different gas source 
(see Rg. 7b). Or there can be multiple concentric zones 
surrounding a cerrter zone (see Rg. 7a). The center 
zone way consist of a single center gas irqection port in 
which case the central gas flow component can be con- 
trolled independently of the overall gas flow through the 
showerhead. 

The multi-zone showerhead design is generally 
applicable to systems other than the RTF system 
described herein. For example, it can be employed in 
any conventional system which uses a showerhead to 
introduce process gases into the chamber and regard- 
less of the energy source that is used. e.g. a system that 
employs an RF generated plasma. In such systems, 
there is of course no need for the showerhead to be 
transparent to the high intensity light as it must be in the 
case of the RTF system described herein. In such sys- 
tems, the segmentation of the showeriiead can be more 
complex and there will be fewer constraints on the 
plumbing that can be used to transport the gases from 
the different independent sources to the corresponding 
segments. In contrast in an RTF system such as is 



described herein, the adapter plate must be relatively 
thin and there is typically little to no room behind the 
plate to add gas supply plumbing. Moreover, any plumt>- 
ing that is added cannot be allowed to interfere with the 
5 transmission of the high intensity radiation through the 
adapter plate and into the chamber. 

Referring to Rg. 8, a showerhead 300 such as 
might be used in an RF plasma et<^ system or a CVD 
system includes a hollow metal t>ody 302 (e.g. stainless 
10 steel) that includes a faceplate in which there is an array 
of gas distribution holes 304. This showerhead has a 
cylindrically-shaped. intemal chamber wall 305 that 
forms two internal chambers, namely, an annular outer 
chamber 306 and a circular inner channber 308. Proo- 
fs ess gas from one source is supplied to outer chamber 
306 through one supply line 310 and process gas from 
another source is supplied to inner chamber 308 
through a second supply line 312. In general, the gas 
delivery systems which are used in this and in the previ- 
20 ously descrbed embodiments are constructed from 
conventional components, well known to persons skilled 
in the art. In this particular enrtoodiment the gas deliv- 
ery system includes a supply of pressurized gas (or 
gases) 314 and two mass flow controller (MFCs) 316 
25 and 318, one for each supply line 310 and 312. respec- 
tively The MFC*s 316 and 318 are programmably con- 
trolled through a digital processing unit (not shown). 

It should be understood that the inventions 
descn'bed herein can be employed in any substrate 
30 processing system which uses a showerhead to distrib- 
ute process gas to the substrate. This includes. CVD. 
nrtridation. oxidation, etch and cleaning systems, to 
name a few examples. 

Other embodiments are within the following claims. 

35 

Claims 

1 . A showerhead for introducing gas from one or more 
external supplies into a substrate processing cham- 
40 ber, said showerhead compriang: 

a faceplate including a plurality of gas injection 
ports through which gas is injected into tiie 
chamber, wherein said plurality of gas injection 
45 ports includes a first subset of gas injection 

ports and a second subset of gas injection 
ports; 

a first gas distritxjtion system which during use 
delivers a first gas to the first subset of injection 
so ports for injection into the chamber; and 

a second gas distribution system which during 
use delivers a second gas to tiie second subset 
of injection ports for injection into the chamber. 

55 2. The showerhead of claim 1 further comprising: 

a plenum chamber formed behind the faceplate 
and which receives gas from the one or more 
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external supplies, wherein said plenum cham- 
ber is divided into a plurality of internal cham- 
bers isolated from each other and including a 
first internal chamber and a second internal 
chamber; and 

a first arxl a second gas inlet said first inlet 
coupled to the first chamber and the second 
inlet coupled to the second chamber. 

3. The showerhead of claim 2 for use with a lamp 
head to heat the substrate to a process tempera- 
ture, said showerhead further comprising: 

a top wirxiow on a side of the showerhead that 
is adjacent to the lamp head; and 
a bottom window on a side of the showerhead 
that is adjacent to the substrate during 
processing, said top and bottom windows 
defining a cavity therebetween; and 
wherein the top and bottom windows are trans- 
parent to the radiation from the source in the 
lamp head and wherein the bottom window is 
said faceplate. 

4. The showerhead of claim 3. wherein said pluraFrty 
of injection ports are a plurality of holes through the 
bottom window. 

5. The showerhead of daim 4. further comprising: 

a top plate with a plurality of holes; 

a tx3ttom plate with a plurality of holes equal in 

number to the plurafrty of holes in the top plate: 

and 

a pluraTity of tubes equal in number to the plu- 
rality of holes in the top plate, each of said plu- 
rality of tubes connecting a different one of the 
holes in the top plate to a corresponding one of 
the holes in the bottom plate; wherein the top 
window is adjacent to the top plate and the bot- 
tom window is adjacent to the bottom plate. 

6. The showerhead of daim 4. further comprising: 

a top plate with a plurality of holes; 

a bottom plate with a plurality of holes equal in 

number to the plurafity of holes in the top plate; 

and 

a plurality of tubes equal in number to the plu- 
rality of holes in the top plate, each of said plu- 
rality of tubes connecting a different one of the 
holes in the top plate to a corresponding one of 
the holes in the bottom plate: 
wherein at least one of said top and bottom 
plates has a first array of channels formed 
therein for distributing gas to the first sut^et of 
injection ports, and 

wherein at least one of said top and tx>ttom 



plates has a second array of channels formed 
therein for distributing gas to the second set of 
injection ports. 

5 7. A thermal processing system comprising: 



a chamber defining a processing cavity; 
a lamp head; 

a showerhead positioned between the lamp 
head and the processing cavity in the chamber; 
and 

a substrate support mechanism within the 
chamber and spaced apart from the adapter 
plate. 

wherein said showerhead comprises: 
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a faceplate induding a plurality of gas 
injection ports through which gas is 
injected into the chamber, wherein said 
plurality of gas injection ports includes a 
first subset of gas injection ports and a 
second subset of gas injection ports: 
a first gas distribution system which during 
use delivers a first gas to the first sut>set of 
injection ports for injection into the cham- 
ber; and 

a secorvi gas distribution system which 
during use delivers a second gas to the 
second sul3set of injection ports for injec- 
tion into the chamber. 

The thermal processing system of daim 7, wherein 
the showerhead further conrprises: 

a plenum chamber formed behind the faceplate 
and which receives gas from the one or more 
external supplies, wherein said plenum cham- 
ber is divided into a plurality of internal cham- 
bers isolated from each other and including a 
first internal chamber and a second internal 
chamber; and 

a first and a second gas inlet, said first inlet 
coupled to the first chamber and the second 
inlet coupled to the second chamber. 

The thermal processing system of daim 7. wherein 
said showerhead further comprises: 

a top window on a side of the showerhead that 
is adjacent to the lamp head; and 
a bottom window on a skle of the showerhead 
tfiat is adjacent to the substrate during 
processing, said top and t>ottom windows 
defining a cavity therebetween; and 
wherein the top and bottom windows are trans- 
parent to the radiation from the source in the 
lamp head and wherein the bottom window is 
said faceplate. 
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10. The thermaJ processing system of claim 7. wherein 
sakl plurality of injection ports are a plurality of 
holes through the bottom window. 

11. The thermal processing system of daim 10» s 
wherein said showerhead further comprises: 

a top plate with a plurality of holes: 

a bottom plate with a plurality of holes equal in 

number to the plurality of holes in the top plate; io 

and 

a plurality of tubes equal in number to the plu- 
rality of holes in the top plate, each of said plu- 
rality of tubes connecting a different one of the 
holes in the top plate to a corresponding one of is 
the holes in the bottom plate; wherein the top 
window is adjacent to the top plate and the bot- 
tom window is adjacent to the bottom plate. 

12. The thermal processing system of daim 10, 20 
wherein said showerhead further comprises: 

a top plate with a plurality of holes; 

a bottom plate with a plurality of holes equal in 

number to the plurality of holes in the top plate: 2S 

and 

a plurality of tubes equal in number to the plu- 
rality of holes in the top plate, each of said plu- 
rality of tubes connecting a different one of the 
holes in the top plate to a corresponding one of 30 
the holes in the bottom plate; 
wherein at least one of said top and bottom 
plates has a first array of channels formed 
theran for distributing gas to the first subset of 
injection ports, amd 35 
wherein at least one of said top and bottom 
plates has a second anray of channels formed 
therein for distributing gas to the second set of 
injection ports. 

40 

1 3. A showerhead tor introducing gas from one or more 
external supplies into a substrate processing cham- 
ber, said showerhead comprising: 

a faceplate including a plurality of gas injection 45 
ports through which gas is injected into the 
chamber, wherein said plurality of gas injection 
ports includes a plurality of subsets of gas 
injection ports; 

a plurality of gas distribution systems equal in so 
number to the plurality of subsets of gas distri- 
bution pc^s, each of said plurality of gas distri- 
bution systems connected to a different one of 
said plurality of suljsets of gas injection ports 
and during use delivering a corresponding gas ss 
to the subset to which it is connected for injec- 
tion irrto the chamber. 
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